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AUIV  DEVELOPMENT 

Air  force  Wheel/Bucket  Alloy  Pevelonaenl 

Universal-Cyclops  has  accomplished  the 
Initial  production  scaleup  of  Unitemp  AF  2-1DA  by 
melting  three  3000-pound  heats. (1)  However,  be¬ 
cause  of  the  tight  chemical  analysis  range  and  lack 
of  standards  for  this  new  alloy,  only  the  third 
heat  was  within  the  specified  chemi 'try.  The  chem¬ 
ical  range,  aim,  and  analysis  for  the  third  heat 
are  given  below. 


Preliminary  hot-working  experience  was  gained 
on  one  of  the  off-chemistry  heats.  The  working- 
temperature  range  was  2050  to  1850  F. 

Mr  hast  Hot  fianama  Alloy  Ecalaaaaiit 

|  The  objective  of  this  General  Electric  pro¬ 

gram  is  to  develop  ultrahigh-strength  al'oys  for 
|  use  as  a  disk  alloy  in  the  aft  stages  of  the  com¬ 

pressor  in  advanced  turbojet  engines. 12)  Problems 
encountered  in  hot  rolling  or  forging  of  the  five 
alloys  selected  Initially  and  screened  for  tensile 
.  and  creep-rupture  properties  and  microstructural 

:  stability,  were  solved  by  cladding  during  working. 

I  One  alloy.  No.  3,  has  been  selected  for  thermo- 

mechanical  processing  studies.  The  composition  of 
Alloy  No.  3  is  as  followst  0.15  C,  3.5  Al,  2.5  Tl, 
15  Cr,  8  Co,  3.5  Cb,  3.5  W,  3.5  Mo,  0.05  Zr,  0.01 
B,  balance  Ni.  The  thermomechanical  processing 
study  was  considered  necessary  to  determine  the 
optlaun  processing  procedure,  since  the  ductilities 
of  the  alloys  were  lower  than  desired  for  compressor 
disk  application. 

AF  2-1DA  and  Rene’  85  have  been  added  to  this 
program  and  are  being  processed  for  study-.  Sub¬ 
sequently,  the  three  best  alloys  will  he  further 


evaluated,  particularly  for  creep  and  interrupted, 
low-cycle  fatigue.  The  best  alloy  will  then  be 
more  extensively  evaluated,  including  evaluations 
in  1000  hour  creep  and  stress  rupture  tests. 


Sulfidation  Resistant  Alloy 

Preliminary  information  on  a  new  experimental 
International  Nickel  alloy,  IN-738X,  indicates  that 
it  has  minimum  mechanical  properties  equal  to  those 
of  Alloy  713C,  combined  with  greatly  proved  cor¬ 
rosion  resistance  and  freedom  from  embrittling 
microstructural  phases. 13)  This  alloy  is  not  yet 
in  commercial  production  although  two  large  heats 
have  been  produced  to  supply  material  for  commercial 
evaluation.  Its  nominal  chemical  composition  is 
as  follows! 


Element 

Weight 

Percent 

Element 

Weight 

Esrani 

C 

0.17 

Cb 

0.90 

Co 

8.50 

Al 

3.40 

Cr 

16.00 

Ti 

3.40 

Mo 

1.75 

B 

0.01 

W 

2.60 

Zr 

0.10 

Ta 

1.75 

Ni 

Balance 

Iron,  silicon,  manganese,  and  sulfur  should  be  as 
low  as  possible.  The  melting  range  for  this  alloy 
is  2250  to  2400  F,  and  the  recommended  heat  treat¬ 
ment  is  2050  F  for  2  hours,  air  cooled,  plus  1550  F 
for  24  hours  followed  by  air  cooling. 

Figure  1  shows  a  Larson-Miller  parameter  plot 
for  IN-738X,  IN-100,  and  Alloy  713  C.  No  sigma- 
phase  was  observed,  optically  or  by  X-ray  diffrac¬ 
tion, in  a  stress-rupture  test  specimen  after  3946 
hours  at  1500  F  and  at  a  stress  of  40,000  psl. 
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Al* 

0.35 

— 
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0.015 

— 

4.60 

3.00 

12.00 

6.00 

3.00 

10.00 

1.50 
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Heat 

K67490 

0.34 

0.0C1 

0.000 

0.01 

0.01 

0.52 

0.016 

0.18 

4.66 

3.16 

11.73 

6.12 
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9.48 
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Compositions  of  Alloys  Released 


AiResearch  has  just  released  the  coeipositions 
of  Its  tantalum-  and  yttrlue-containlng  alloys 
AiResist  213  and  AlReslst  215A4) 


Further  studies  are  being  contemplated  to  verify 
these  results  using  a  heat  of  U-700  with  a  greater 
sigma  forming  potential.  Mu  phase,  which  formed  In 
Ren/  41  and  Unltemp  *F  2-ID,  did  not  appear  to  be 
affected  by  stress. 


Alloy 

£ 

Mn 

0.1 

£x 

lii, 

0.5(a) 

AiResist  213 

0.2 

20 

AiResist  215^ 

0.35 

0.2^ 

19 

0.5<‘> 

(a)  Maximum  (b)  Cast  alloy 


£& 

Jl 

It 

JEi 

0.5{a) 

0.5(a> 

1 

Bal. 

4.5 

6.5 

3.5 

0.10  — 

Bal. 

4.5 

7.5 

4.3 

0.10 

0.10 

Rupturv  strengths  have  been  available  for  some  time. 
They  are  as  follows i 


Oxidation  of  Nickel-Base  Suoerallovs 

General  Electric  is  conducting  an  investiga¬ 
tion  to  thoroughly  identify  and  demonstrate  an  ap¬ 
proach  for  improving  the  surface  stability  of  tur¬ 
bine-blade  materials  through  minor  additions  of 
Group  III  B  Metals,  rare  earth  metals,  thorium,  and 
manganese. (6)  The  alloy  bases  selected  for  evalua¬ 
tion  are  (l)  a  cast  alloy  Rene  100  (IN-100  with 
composition  modified  for  maximum  internal  stability) 
and  (2)  a  development  wrought  alloy,  Unltemp  AF  2- 
1DA.  These  alloys  have  been  selected  as  the  basic 
alloys  for  study  since  they  are  among  the  strongest 
available  cast  and  wrought  alloys  with  high  poten¬ 
tial  for  use  as  turbine-blade  and  wheel  materials 
in  advanced  engines.  These  alloys  are  also  repre¬ 
sentative  of  the  new  generation  of  nickel-base  alloys 
currently  being  developed. 

Six  rare-earth  elements,  each  at,  two  concen¬ 
tration  levels,  are  being  added  to  Rene  100,  and 
five  rare-earth  elements,  also  at  two  concentration 
levels,  are  being  added  to  AF  2-1DA  alloy.  Con¬ 
siderable  difficulties  were  encountered  during  the 
melting  and  processing  of  the  doped  alloys  and  some 
resulting  will  be  necessary.  Analysis  of  doped 
Rene  100  alloys  indicated  the  rare  earths  to  De 
present  as  a  Nij(R.E.)  phase.  The  oxidation  be- 
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AiResist  213  sheet  and  tubing  Is  Intended  for 
combustlon-chaaiber  liners  and  heat-exchanger  parts. 
AiResist  215  Is  a  casting  alloy  Intended  for  gas 
turbine  nozzle  guide  vanes.  Both  alloys  are  resis¬ 
tant  to  hot  corrosion. 

ALLOY  STABILITY 

Microstructural  Instability  of  Nickel-Base  Alloys 

In  a  study  of  instability  of  nickel-base 
superalloys,  TRW  determined  whether  stress  proawtes 
or  retards  the  formation  of  phases  such  as  sigma 
and  mu.vb)  Five  alloys  ware  Included  in  this  study, 
IN-100,  B-1900,  U-700,  Rent  41,. and  Unltemp.  AF2-1D. 
Stress  appeared  to  have  an  effect  on  the  microstruc¬ 
tural  stability  of  only  two  of  the  five  alloys 
studied.  These  alloys  ware  IN-100  and  U-700,  both 
sites*  formers.  These  results  indicated  that  there 
is  an  optimum  stress  that  will  promote  al^a  forma¬ 
tion  and  varies  with  temperature,  and  that  a  suf¬ 
ficiently  high  stress  will  retard  slgpa  formation. 


havior  of  the  base  Unitemp  AF  2-1DA  alloy  has  been 
date rained  and  has  been  found  to  be  comparable  with 
other  commercial  nickel-base  alloys.  Preliminary  ~ 
cyclic  oxidation  results  of  doped  Rent  100  alloys  \ 
show  Improved  scale  adherence  at  1800  F. 

PHKES5  BEVaflBIBtl 

Manufacturing  Process  Development  for  Sunerallov 
Cast  Parts 

Abex  has  a  continuing  Air  Force  project  to 
develop  methods  for  the  manufacture  of  large  super- 
alloy  castings  with  reproduclbly  high  integrity  and 
with  dimensional  tolerances  within  the  category  of 
"precision"  castings.!7)  Current  effort  is  directed 
mainly  at  Alloy  713LC,  with  some  additional  effort 
on  Alloy  718  and  Rent  41. 

An  investigation  of  the  microstructure  of 
Alley  713LC,  Alloy  718,  and  Rene  41  supports  the 
conclusion  that  Alloy  713LC  will  be  the  alloy  moat 
adaptabla  to  the  wide  range  of  cooling  rates  and 
section  sitae  the  t  will  be  encountered  in  the  manu¬ 
facture  of  large  euperalloy  castings. 
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Heating  to  1200  F  for  up  to  100  hours  has  no 
detrimental  effect  on  tie  properties  of  cast  Alloy 
713LC|  and  has  produc«.-i  a  significant  Increase  In 
yield  strength  with  no  other  changes  of  signifi¬ 
cance. 

The  room-temperature  and  1000  F  low-cycle 
fatigue  characteristics  of  Alloy  713LC  have  been 
established  and  appear  to  compare  favorably  with 
other  materials  currently  in  use  as  turbine-rotor 
alloys. 

|BBU  .Pevelocment  for  Improved  Hlah-Strenoth 
Supers 11 ov  Sheet 

The  Union  Carbide  program  to  develop  a  process 
for  the  production  of  high-strength  Udlmet  700  alloy 
sheet  has  continued. (8)  Three  melting  and  casting 
techniques,  vacuum  induction  melting  (VIM),  consum¬ 
able  electrode  vacuum  remelting  (CEVM),  and  electro¬ 
slag  remelting  (ESR),  were  used  in  Phase  I  for  the 
production  of  ingots  and  slabs.  These  were,  in 
turn,  reduced  to  sheets  0.030  inch,  0.020  inch,  and 
0.015  inch  thick  by  22  inches  wide.  Sheets  of 
0.030-inch  and  0.020-inch  gage,  three  feet  wide  and 
6  feet  long  will  be  produced  during  Phase  II. 

Homogenization  tests  on  ESR  specimens  showed 
the  temperature  for  complete  solutloning  of  all 
carbides  and  gamma  prime  to  be  2150  to  2200  F. 

The  tensile  properties  from  tes's  conducted 
in  argon  at  1400  and  1600  F  were  found  to  be  su¬ 
perior  to  those  in  air,  while  the  differences  in 
properties  tended  to  decrease  as  the  thickness  of 
the  sheet  material  decreased. 


3-inch  by  6-inch  slab.  It  will  be  further  reduced 
by  direct  hot  rolling  to  a  1-inch-thick  plate. 

Two  1500-pound  slab  ingots  of  Rene  41  have 
been  electroslag  melted.  A  section  of  the  first 
ingot  has  t.-en  hot  rolled  to  1-lnch-thick  plate, 
while  the  second  ingot  has  been  press  forged  to  a 
7-lnch  by  11-inch  billet.  Tnis  intermediate  shape 
is  being  heid  until  the  plate  product  from  the  first 
ingot  has  been  evaluated. 

Superallov  Strip  by  the  Slip  Casting  Process 

The  Chrysler  program  to  develop  the  continu¬ 
ous  production  of  metal  strip  and  sheet  Dy  the  slip 
casting  process  will  make  use  of  four  superalloys, 
U-700,  IN-100,  X-40,  and  Waspaloy.l 1°)  At  present, 
the  study  is  concerned  with  the  optimisation  of 
metal  slip  co,  positions,  casting  and  drying,  sin¬ 
tering  and  rolling,  and  density.  Mechanical  pro¬ 
perties  of  superailoy  strip  produced  by  this  meth¬ 
od  have  not  yet  been  determined. 

DISPERSION-STRENGTHENED  ALLOYS 
Dlspersiori-Strenqil.gned  Metal  Structural  Development 

Douglas  Aircraft  is  studying  the  possibility 
of  using  dispersion-strengthened  CDS)  nickel-and 
cobalt-base  alloys  to  replace  coated  refractory- 
metal  components  for  short-lived  structural  applica¬ 
tions  in  the  2000  to  2400  F  temperature  range. 1 11) 
Figure  2  shows  a  comparison  of  100-hour  rupture 
strengths  of  Ni-20Cr-2Th02,  Hastalloy  X,  Haynes 
25,  Rene  41 .and  coated  Cb-752.  This  comparison 
shows  the  advantage  of  TD  NiC  over  the  superalloys 
at  temperatures  over  1600  F.  The  100-hour  rupture 


The  Udlmet  700  alloy  sheet  was  observed  to  be 
thermally  stable  at  exposures  of  100  hours  at  tem¬ 
peratures  up  to  1600  F.  Loss  in  properties  after 
100-hours'  exposure  In  air  at  1800  F  are  explained 
by  a  depletion  of  minor  elements  at  the  surfaces  of 
the  material,  and  overaged  precipitates  in  the  ma¬ 
trix  and  at  the  grain  boundaries. 

Pcvelcarent  .af.  liaaat  fat  SJJuJaasIifl  Baltina  anti 
Casting  af  Materials 

The  purpose  of  a  melting  project  at  Mellon  is 
to  develop  a  manufacturing  process  for  the  electro- 
slag  consuaable-electrode  remelting  and  casting  of 
18  percent  nickel  mar aging  s^eel,  300  ksl  grade 
ultrahlgh  strength  steel,  Rene  41,  Alloy  713C,  and 
Udlmet  700  in  the  form  of  round  and  slab  ingots  for 
conversion  to  flat-rolled  ;coducts.(9) 

The  ability  to  conduct  a  reproducible  melting 
procedure  has  been  demonstrated.  The  electroslag 
melted  material  has  displayed  a  high  level  of  hot 
workability.  Mechanical-property  evaluations  of  the 
hot-worked-plate  products  from  7-lnch-diameter  in¬ 
gots  of  maraging  steel  and  Reni  41  have  been  com¬ 
pleted.  Also,  a  second  7- inch-diameter  Ingot  of 
Rene  41  has  been  electroslag  remelted,  and  its 
excellent  hot  workability  has  been  demonstrated  by 
forming  a  section  of  this  ingot  into  a  21-inch- 
diameter  ring. 

Scaled-up  remelting  of  Udlmet  700  to  a  7-lnch- 
dlameter  Ingot  has  been  accomplished.  This  ingot 
was  successfully  hanaer  forged  to  an  intermediate 
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FIGURE  2.  OOMP ARISON  OF  100-hr.  STRESS  RUPTURE 
PROPERTIES  FOR  TD  NiC,  OOATED  Cb-752, 
AND  SUPERALLOYS(  ID 
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stress  for  TD  NIC,  however,  Is  only  a  little  over 
half  that  of  Cb-752.  Joining  and  fabrication  tests 
are  being  conducted  on  TD  NiC  structural  configura¬ 
tions  of  honeycomb-sandwich,  single-face,  corruga¬ 
tion-stiffened  panels,  and  a  subscale  hot-gas  duct 
segment. 

Development  of  a  Manufacturing  Process  for  Thin 
Sheet  and  Foil 

Du  Pont  has  developed  a  foil  process  compri¬ 
sing  warm-pack  rolling  of  0.020-inch  TD  Nickel- 
Chromium  sheet  to  an  intermediate  gage  and  cold  ten¬ 
sion  rolling  to  final  gage.(l2)  This  process  which  ' 
produced  12-inch-wlde  foil  is  now  being  scaled  up 
to  about  24  inches  wide.  Foil  of  0.005-lnch  thick¬ 
ness  of  excellent  quality  has  been  produced.  In 
warm  pack  rolling,  a  wipe  coating  of  colloidal  sil¬ 
ica  was  found  to  be  effective  as  a  parting  agent. 
Milk  of  magnesia  is  difficult  to  remove  and  should 
not  be  used. 

Sheet  breakage  in  tension  rolling  has  been  a 
major  problem,  and  satisfactory  rolling  required 
surface  sanding  of  some  intermediate-gage  sheets 
and  edge  conditioning  of  all  sheets.  Frequent  in- 
process  anneals  in  the  1300  to  2200  F  range  pro¬ 
duce  the  best  high-temperature  properties  in  cold- 
rolled  foil.  The  optimim  cold  rolling-annealing 
schedule  for  best  foil  properties  has  yet  to  be 
determined. 

Envelopment  of  s  Dispersion  Strengthened  Nickel-Base 
Alloy  Using  the  High  Intensity  Arc  Process 


degradation  mechanisms  after  exposure  to  slow  ther¬ 
mal  cycles  in  dry  air,  atmosphric  pressure  air,  and 
in  air  at  reduced  pressures  of  10  and  0.18  torr,  the 
equivalent  pressures  at  altitudes  of  100,000  and 
200,000  feet,  respectively. 

Baseline-data  tests  completed  are  tensile  teats 
up  to  2000  F,  notched-tensile  and  fatigue  tests  at 
room  temperature, and  creep  tests  up  to  2400  F.  At 
2000  F,  higest  and  lowest  yield  strengths  were  ex¬ 
hibited  by  TD  NiC  (16.1  ksi) ,  and  Rene  41  (4.3  ksl), 
respectively,  and  the  highest  elongation  by  Haynes 
25,  5.7  percent.  Axial  tension-tension  fatigue  tests 
at  room  temperature  on  foil-gage  specimens  gave  the 
following  approximate  fatigue  limits  (5  x  10 6  cycles) t 

Fatigue  Limit, 

Superallovs  (5  x  106  cycles) 


Rene1  41 

82 

Alloy  718 

75 

Inconel  625 

82 

Haynes  No.  25 

75 

TD  Ni 

48 

TD  NIC 

65 

Creep  tests  in  air  atmosphere  at  1800  to 
2400  F  to  determine  the  stress  necessary  to  produce 
1  and  5  percent  creep  in  30  hours  or  less  have  been 
completed.  From  the  point  of  view  of  this  program, 
the  recommended  maximum  service  temperatures,  deter¬ 
mined  from  creep-rate  considerations,  aret 

2000  F  for  Alloy  718  and  Rene  41 
2100  F  for  Inconel  625  and  Haynes  25 
2400  F  for  TD  Ni  and  TD  NiC 


Alloy  powders  of  nominal  composition  60  Ni, 

20  Co,  10  Mo,  10  I*  and  containing  dispersions  of 
thoria,  yttria,  alumina,  magnesia,  and  lanthana 
were  prepared  and  evaluated  by  Vitro  Labora- 
tories.vl3)  Based  on  their  dispersion  characteris¬ 
tics,  thoria  and  yttria  dispersions  were  selected 
for  larger  scale  preparation.  Billets  containing 
0,  2,  4,  and  7  volume  percent  thoria  and  yttria 
were  prepared  and  evaluated  by  density  micro- 
harcness  measurements  as  well  as  optical  and  elec¬ 
tron  metallography  before  and  after  thermal-stabi¬ 
lity  tests.  The  best  of  the  billets  produced  con¬ 
tained  4  percent  thoria.  The  yttrla-containing 
billets  showed  particle  growth  and  inhomogeneous 
distribution.  Clad  billets  without  a  dispersion 
oxide  (control  material)  and  containing  4  percent 
thoria  were  extruded  to  bar  for  stress-rupture  test- 
ting. 

This  material  had  a  100-hour  rupture  strength 
less  than  one-tenth  that  of  TD  Nickel  and  little 
better  than  that  of  the  control  material.  The  raa- 
son  for  the  poor  rupture  strength  was  not  determined 

EVALUATION  AND  APPLICATIONS 
Superallovs  for  Honeycomb  Heat  Shields 

,  Solar  is  evaluating  foil-gage  superalloys 
Rene  41,  Alloy  718,  Inconel  625,  Haynes  Alloy  No. 
25,  TD  Nickel,  and  TD  NIC  as  candidate  materials 
for  structural  and  heat-shield  panels  for  re-entry 
and  hypersonic  vehicles. ( 14)  Operative  degradation 
mechanisms  of  the  alloys  are  to  be  studied  so  that 
reuse  capabilities  and  limitations  can  be  predicted. 
Evaluation  will  Involve  characterization  of  alloy 


With  the  possible  exception  of  TD  NiC,  these  tem¬ 
perature  limits  are  100  to  200  F  above  the  usually 
recommended  temperature  limits  for  these  alloys. 
Therefore,  they  should  be  applied  only  to  low-stress 
short-time  applications. 

Alloy  718  for  Bellum  and  Slniaai  .AcplUiAUani 

A  study  was  siade  by  Solar  to  investigate  the 
effects  of  thermal  treatments  on  Alloy  718  and  Its 
subsequent  fabrication  processes.! 15)  Tests  have 
shown  that  there  is  considerable  difference  in  heat- 
affected-zone  cracking  behavior  from  heat  to  heat 
and  in  heats  from  various  producers.  The  increase 
in  cracking  susceptibility  of  one  as-received  ma¬ 
terial  over  another  has  been  attributed  to  increased 
amounts  of  grain  boundary  segregation,  particularly 
in  areas  of  titanium-columblum  carbo-nltrlde  string¬ 
er  formations.  Microcracking  in  the  heat  affected 
zone  followed  the  general  pattern  of  the  stringer 
formations. 

The  thermal  treatment  that  resulted  in  the 
least  heat-affected-zone  cracking  in  the  two  thick- 
nesses  evaluated  (0.048  and  0.209  inch)  was  the 
Pratt  &  Nhl trvey -developed  thermal  treatment  (MS- 
5596)  .  This  cycle  consists  of  annealing  at  the  re¬ 
latively  low  temperature  of  1750  F  in  a  suitable 
protective  atmosphere  followed  by  double  aging 
treatment  at  1325  and  1150  F. 

The  following  technical  note  giving  the  cur-  . 
rently  available  information  and  data  on  TO  MiMels'-il 
Chromium  is  now  available  from  the  Defence  Metals  r\  ' 
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